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REMARKS 

Claims 1-20 have been cancelled without prejudice or disclaimer and redrafted merely for 
purposes of clarity and to comport with U.S. patent law. Specifically, new claims 21 and 31 are 
derived from cancelled claim 1. New claims 22 and 32 are derived from cancelled claim 2, New 
claims 23 and 33 are derived from cancelled claim 5. New claims 24 and 34 are derived from 
cancelled claim 6. New claims 25 and 35 are derived from cancelled claim 7. New claims 26-27 
and 36-37 are derived from cancelled claims 10-1 1. New claims 28 and 38 are derived from 
cancelled claim 12. New claims 29-30 and 39-40 are derived from page 9, lines 28-30 of the 
specification. Applicants reserve the right to pursue in the future any subject matter present in 
any of the cancelled claims not encompassed by the new claims. No new matter has been added 
into the claims. 

Specification 

As suggested by the examiner, applicants have amended the specification to include 
section headings. The specification was specifically objected to for not having a section entitled, 
"Brief Description of the Several Views of the Drawings". Applicants have added this section 
heading on page 6 of the specification after the paragraph ending on line 15 and before the 
paragraph beginning on line 17. Thus, the objection is no longer applicable and should be 
withdrawn. 

Claim Objections 

Claim 3 was objected to for containing confusing grammar. Claim 3 has been cancelled 
without prejudice of disclaimer and applicants believe that the new claims address the clarity 
concerns expressed in the office action. Therefore the objection should be withdrawn. 
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Response to Claim Rejections under 35 ILS.C, § 101 

Claims 1-20 have been rejected under 35 U.S.C. § 101, as being directed to non-statutory 
subject matter by mixing the characteristics of a claim directed to a method with the 
characteristics of a claim directed to an apparatus, Claims 1-20 have been cancelled without 
prejudice or disclaimer and rewritten for purposes of clarity as new claims directed to implants 
(claims 21-30) and new claims directed to methods of using the implant (claims 31-40), 
Accordingly, the rejection is no longer applicable and should be withdrawn. 

Response to Claim Rejections under 35 U.S«C. § 112, Second Paragraph 

Claim 1 has been rejected for reciting a use without any active, positive steps delimiting 
how the use is actually practiced. As noted previously, claims 1-20 have been cancelled without 
prejudice or disclaimer and new claims directed to implants and method of using the implants 
have been entered. The claims directed to methods of using the implants properly set forth 
positive steps for practicing the method. 

Claim 1 has been rejected for reciting the term "GSS" without including its name in 
parentheses at the first occurrence in the claims. The new claims have been drafted to use the 
term "growth- stimulating substance" instead of its abbreviation "GSS" 

Claim 1 has been rejected as being unclear for use of the term "and" together with a 
second "and/or" in the following phrase, "matrix molecules, growth factors and differentiation 
factors and/or peptides with growth stimulating properties". The new claims have been amended 
to clarify this ambiguity. 

Accordingly, the rejection has been fully addressed and should be withdrawn. 

Response to Claim Rejections under 35 U.S.C. § 112 (Written Description) 

Claims 1-20 have been rejected under 35 U.S.C. § 1 12, first paragraph, as failing to 
comply with the written description requirement with respect to the term "differentiation 
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factors". According to the rejection, the specification does not identify proteins and peptides that 
function as differentiation factors. The rejection is improper because differentiation factors are 
well known in the art and a patent need not teach what is well known in the art. Ajinomoto Co. v. 
Archer-Daniels-Midland Co., 228 F.3d 1338, 1345 (Fed. Cir. 2000). 

Of particular relevance to the instant application is a case recently handed down by the 
Federal Circuit, Falkner v. Inglis, 448 F.3d 1357 (Fed. Cir. 2006). The application in suit was the 
subject of an interference proceeding and involved vaccines comprising a poxvirus vector having 
a deleted or inactivated essential gene. Appellants argued that written description was lacking 
because appellees did not identify in the specification any essential poxvirus genes or the 
inactivation of any such genes. However, the Federal Circuit agreed with the Board of Patent 
Appeal and Interferences in determining that the written description requirement was satisfied 
because the claimed genes and nucleotide sequences were well known in the art In fact, the 
court stated that examples are not necessary to support the adequacy of written description and 
there is no per se rule that an adequate written description of an invention that involves a 
biological macromolecule must contain a recitation of structure. Id. at 1366. As one example of 
the well known nature of differentiation factors, applicants submit the enclosed article, Rose et 
ah, Bone Grafts and Growth and Differentiation Factors for Regenerative Therapy: A Review, 
Pract. Proced. Aesthet. Dent. 13(9):725-734 (2001). This is a review article that discusses 
the state of the art at the time of the invention with respect to differentiation factors and their 
applicability to regenerative therapy. See, e.g., pages 731-733. Accordingly, the rejection is 
improper and should be withdrawn. 

Response to Claim Rejections under 35 U.S.C* § 102(b) 

Claims 1-4, 6-9, 11, and 14-17 have been rejected under 35 U.S.C. § 102(b) as being 
anticipated by Wikesjo et al , Augmentation of Alveolar Bone and Dental Implant 
Osseointegration: Clinical Implications of Studies with rhBMP-2, J. Bone and Joint Surgery, 
83:SM36 through Sl-145 (April 2001) ("Wikesjo et al"). The rejection is improper because 
Wikesjo et al does not describe every element of the claims. A claim is anticipated only if each 
and every element as set forth in the claim is found, either expressly or inherently described, in a 
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single prior art reference." Verdegaal Bros, v. Union Oil Co. of California, 814 F.2d 628, 631 
(Fed Cir. 1987); § MPEP 2131. 

The instant claims are drawn to an implant and methods for building up bone based 
lateral support, wherein bioactive or osteoinductive material is in or on the implant and the 
implant is arranged so that it forms spaces together with the sofl tissue and/or a unit and the 
upper or lateral surface(s) of the jaw bone . Wikesjo et al, however, evaluates surgical 
implantation of rhBMP-2 delivered by carriers such a bovine collagen sponge and decalcified 
bone matrix used as onlays or inlays in conjunction with implants, i.e., the rhBMP-2 is not part 
of the implant per se. Wikesjo et al, p. S 1-140. Also, the implants of Wikesjo et al do not form 
spaces together with the soft tissue and/or a unit and the upper or lateral surface(s) of the jaw 
bone. One end of the implant is anchored into the jawbone and the other end of the implant 
extends into a surgically reduced edentulous mandibular ridge. Id. Thus, Wikesjo et al cannot 
anticipate the instant claims. 

Response to Claim Rejections under 35 U.S.C § 103(a) 

Claims 1, 5-8, 10, 12-13 and 18-20 have been rejected under 35 U.S.C. § 103(a) as being 
obvious over Wikesjo et al and Pirhonen et al, U.S. Patent Application Publication No. 
2003/0105530 (Pirhonen et al). The rejection is improper because (1) all the elements of the 
claims are not accounted for in the cited references and, (2) Wikesjo et al teaches away from 
what is claimed. 

First, the references do not account for every element of the claims. To establish prima 
facie obviousness, all the elements of the claims must be found in the prior art. In re Vaeck, 947 
F.2d 488 (Fed. Cir. 1991); In re Royka, 490 F.2d 981 (CCPA 1974). With respect to all the 
claims, the combination of references do not account for an implant having bioactive or 
osteoinductive material in or on the implant and do not account for spaces formed between the 
implant and soft tissue and/or a unit and the upper or lateral surface(s) of the jaw bone . 
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Additionally, with respect to claims 22 and 32, the combination of references does not 
account for an implant being offset so that side surfaces or outer thread surfaces of the implant 
are exposed . 

With respect to claims 23 and 33, the combination of references does not account for an 
implant having an exposed surface presenting a higher concentration of bioactive or 
osteoinducive material than non-ext)osed surfaces of the implant. 

With respect to claims 26-27 and 36-37, the combination of references does not account 
for an exposed surface of 20-180° in the circumferential direction and the height direction of the 
implant . 

With respect to claims 28 and 38, the combination of references does not account for a 
bioactive or osteoinductive coating on the surface of the unit exposed toward the implant . 

With respect to claims 30 and 40, the combination of references does not account for an 
implant coated with an oxide layer having pores in which the bioactive or osteoinductive 
material is stored . 

Second, Wikesjo et al actually teaches away from proceeding as applicants have done by 
suggesting that first rhBMP-2 should be applied to the jawbone to induce bone growth and later 
anchoring the implant into the new bone growth instead of using rhBMP-2 as part of the implant 
to induce bone growth around the implant. Where the teaching of a reference discourages 
persons skilled in the art from doing what applicants claim, the reference established "the very 
antithesis of obviousness." In re Buehler 185 USPQ 781 (CCPA 1975); In re Rosenberger and 
Brandt, 156 USPQ 24, 26 (CCPA 1967); See also MPEP(X)(D)(l)-(3). 

In an experiment by Caplanis et al described on page S 1-140, the authors evaluated the 

surgical implantation of decalcified bone matrix containing rhBMP-2 in conjuction with guided 

bone regeneration using two implants {i.e., the decalcified bone matrix and the implant were 

implanted at the same time). This procedure resulted in only limited bone formation along the 

exposed implant surfaces. See, e.g., p. SI- 140, bottom of the second column. However, in a 
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subsequent experiment by Sigurdsson et aL, described on page SI- 141, second column, the 
authors first applied an onlay of decalcified bone matrix containing rhBMP-2 to the jawbone (to 
induce bone growth) and then placed the implants into the new bone growth 8 and 16 weeks 
later. The authors reported that approximately 90% of the bone anchoring surface of the 
implants was invested in newly induced bone suggesting that a better result is obtained by first 
inducing bone growth with rhBMP-2 and then later using the new bone growth to anchor an 
implant. Applicants, however, have proceeded against this suggestion and claimed an implant 
and method of using the implant wherein the bioactive or osteoinductive material is located in or 
on the implant mid therefore incorporated together (at the same time) into the jawbone before 
new bone is formed. 

In sum, the rejection is improper and should be withdrawn because all the elements of the 
claims are not accounted for by the combination of references and because Wikesjo et al teaches 
away from proceeding as applicants have done. 

In view of the above, consideration and allowance are respectfully solicited. 

In the event the Examiner believes an interview might serve in any way to advance the 
prosecution of this application, the undersigned is available at the telephone number noted 
below. 



13 



Application No.: 10/521,153 



Docket No.: 21547-00304-US1 



The Office is authorized to charge any necessary fees to Deposit Account No. 22-01 85. 

Enclosed is the fee and petition for a three-month extension of time. Applicants believe 
no additional fees are due with this response. However, if a fee is due, please charge our Deposit 
Account No. 22-0185, under Order No. 21 547-003 04-US1 from which the undersigned is 
authorized to draw. 

Dated: August 5, 2008 Respectfully submitted, 



Electronic signature: /R. James Balls/ 
Burton A. Amernick 

Registration No.: 24,852 
R. James Balls 

Registration No.: 57,703 
CONNOLLY BOVE LODGE & HUTZ LLP 
1875 Eye Street, NW 
Suite 1100 

Washington, DC 20006 
(202)331-7111 
(202) 293-6229 (Fax) 
Attorneys for Applicant 
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Bone Grafts and Growth and 

Differentiation Factors for 
Regenerative Therapy; A Review 

Louis F. Rose, DOS, MD* 
Edwin Rosenborg, DMD, BDS, HdipDenft 



Guided bone regeneration, tissue grafts, regenerative 
barrier membronzs, and bone substitute materials have 
been used to restore inadequate hard and soft tissue 
structures to make them conducive to proper implant 
placement Polypeptide growth and development factors 
{GDFs} have successfully been applied exogenousty to 
periodontal defects to attract preosteoblasts to the site 
and accelerate fh&r proliferation to stimulate angiogen- 
esis. This article provides an overview of current modali- 
ties for restoring lost bone and soft tissue during the 
treatment of periodontal disease. 

Key Words: growth factors, regeneration, osteoindudion, 
osteoconductbn, graft 

/"Conventional periodontal treatments, such as root 
\wplaning, gingival curettage, and scaling, ore highly 
effective at repairing disease-related defects and halting 
the progression of periodontitis. While these are impor- 
tant steps, researchers are stilt challenged to develop 
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more effective techniques that predictably promote 
body's naiural ability to regenerate its fosi periodontal 
tissues — particularly alveolar bone. 

In addition, the focus of implant restoration treat- 
ment for periodontitis patients has expanded during the 
pas* decade to include both function (adequate osseo- 
integrah'onf and aesthetics. The goal now is to create a 
restoration ihol rivals the natural dentition in Jerms of 
performance, comfort, and appearance. Hits requires 
on opiimai hard and soft tissue complex that harmonizes 
with the patient's natural teelh. It also requires a team 
effort by all clinicians involved as well as direction from 
the potion* in teims of what consiitutes an acceptable 
aesthetic result. Various iheropeulic modalities are cur- 
rently used to restore inadequate bone and soft tissue 
to make them conducive io proper implant placement. 
These include guided bone regeneration, bone and soft 
tissue grafts, the use of regenerative barrier membrones, 
and placement of bone substitute materials {Figure 1), 




Figure K Diagram demonstrates that integration of therapy 
is essentia! to establish aesthetic and functional success. 
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In recent years, clinicians have also began to learn 
more about haw periodontal regeneration worb on a 
cellular and molecular level. This Is a key step to develop- 
ing new strategies and materials for promoting 
predictable periodontal regeneration. The most promis- 
ing new technique currently being investigated is the 
application or polypeptide growth and development Fac- 
tors {GDF$|, natural proteins in the body ihat regulate the 
wound and tissue regeneration. Based on several in vivo 
studies and early human clinical trials, investigators oie 
moving closer to identifying specific combinations of 
GOFs lhal can be applied exogenously to a periodontal 
defect for attracting preosteoblasts to the site, acceler- 
ating their proliferation, and stimulating oncogenesis. 
This article provides an overview of current treatments for 
restoring tost bone and soft tissue in patients with perio- 
dontal disease and informarion regarding rhe latest 
research on GDFs. 

Rides Augmentation 

Alveolar bane grafting is the mast common form of regen- 
eration therapy tcxJay, and It is generally essential for 
restoring all types- of periodontal supporting tissue. To 
date, histological evidence in humans indicates thai bone 
grafting is the only treatment that results in the regener- 
ation of bone, cementurn, and a functionally orierted, 
new periodontal ligament |PDl| coronal to the base 
of a previous osseaus defect [Figures 2 and 3}.<- 2 it has 
also been shown to produce a successful djnfcal result 




figure 2. Case 1. An alveolar ridge of insufficient vwdth requires 
ridge expansion to accommodate implant placement. 




Figure 3. A chisel is used to expand the buccal and palatal bone to 
a minimum width of 5 mm to 6 mm to accommodate me implants. 




Figure 4. Case 2. Clinkaf view of small afveolar ridge defect wii a 
titanium tenting screw maf wilt help io maintain space necessary for 
bone regeneration- 



thai fasts more than 20 years when patienrs effectively 
control plaque through proper oral hygiene and regular 
professional periodontal maintenance visits. 3 

Types and Appfecfitan of Gr-rft Mm^iok 
Several types of bone and bone substitutes have been 
studied over the years, and periodontists continue to 
search for ideal materials. The iype of graft material used 
in a particular case is frequently dictated by the amount 
oF bone that must be replaced. The two most common types 
of graft material used in perlodontology ore autogenous 
and allogenic. Autogenous bone is considered the "gold 
standard/' particularly for treating large deformities. 

For implant restcrafions, sinus augmentation may be 
necessary in addition to rrdge augmentation. This allows 
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Figure 5, Autogenous bone is harvested from Hie tuberosity and 
placed into the defect. A barrier membrane was replaced over the 
graft and stabilized with a titanium screw. 




f Jgure 6. Placement of three implants within the reconstructed 
otveolqr ridge 8 months following bone regeneration. 



proper placement of a sufficient number of implants as 
well as appropriate sizes in !he maxillary posterior oreas. 
Sinus augmentation is indicated in particular when the 
interccdusal distance cannot accommodate an onlay 
graft. 3 Thus, a combination of sinus and ridge augmen- 
tation is often used to achieve an opt t ma I hard tissue 
environment for implant placement. 

Autogenous Grafts 

Autogenous grafts, which are harvested from one part 
of the patient's body for transplantation ta another, are 
considered optimal due to iheir superior retention of cell 
viability These grafts contain Ifve osteoblasts ond osteo- 
progenitor stem cells, which proliferate and bridge the gap 
between the grafi and ^he recipient bone (Figures 4 



through 8\? The area of new bone interdigitofion and 
jhe quantity of donor bone ihal is resorbed are greater 
with cancellous bone grafts than cortical grafts. 

Case reports show that the overage bone fill when 
using autogenous grafts is approximately 3.5 mm for 
many intraosseous defects, depending on their initio! size- 
Histological evaluations suggest that al least partial perio- 
dontal regeneration occurs following these types of graft- 
ing procedures/ In addition, autogenous grafts avoid 
the potential problems of histocompatibility differences 
and ihe risk of disease Jransfer that other allograft and 
xenograft types pose/ 

Autogenous bone should be used whenever possi- 
ble, and it can be harvested either from intraoral or extra- 
oral sites. Intraoral cancellous bone and marrow grafts 
are usually obtained from the maxillary tuberosity or a 
healing extraction site * Exlraoral sites include the iliac 
aesfe, ribs, cranium, and tibial metophyses (Figures 9 
through )6\. While patients frequently consent lo auto- 
genous bone grafts from intraoral sites, sufficient amounts 
of graft material are not always available. In addition, 
many patients refuse or cannot afford to be hospitalized 
for exlraoral graft procurement. These ore common 
obstacles to the use of otogenous grafts. 

Allografts 

Due to these limitations, allografts were developed as 
an alternative. Allografts are harvested from one human 
for rranspfanfafion to another These grab are typically 




Figure 7. Six-month postoperative radiograph demonstrates successful 
placement of implants mfo the alveolar ridge. 
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freezedried ond Ireated lo prevent disease transmission. 
Various lypes of allografts of$ available from commercial 
tissue bonks, including frozen iliac cancellous bone and 
marrow, freezedried bone, and demoralized freeze- 
dried bone allograft (DFDBA), 

There is some debate about how allografts heal. 
Some aulhors believe they heal by osleoinduction. Over 
time, the allograft is resarbed by the natural intraoral bone, 
and this regenerative process is thought to be induced 
by bone morphogenic protein (BMP| and perhaps other 
GDh released from the afbgraft/'* Demmeraffced freeze- 
dried bone graffo appear to heal by osteoinducHon • 
Many authors, however, are noi convinced thai osteo- 
indudion actually occurs, even though it appears lhal 
freeing or freezedrylng graft material does not destroy 
its cellular activity, Some contend that allografts may heal 
by osteoconduction, a process in which the graft does not 
activate bone growth, but instead acts as a scaffold onto 
and within which patients own Muto\ bone grows. 1 * 

Frozen iliac allografts are rarely used today due to 
the need for extensive cross-matching to minimize the risk 
of graft rejection or disease transmission. Mineralized 
freezedried bone IFDBA) is still used, bu! a recent large- 
scale research review showed that f DBA mixed with 
autogenous bone is more effective at increasing bone fill 
than F DBA alone; 0 

Demlneralizod freezedried allograft is the most 
widely used allograft material in periodontics loday due 
to its availability safety and its purported osteoinductive 
and osteoinductive properties.' 1 tn the 1960s and 
1970s, Urist etat showed thai demoralizing and freeze- 
otyng graft material dramatically enhanced its osteogenic 
potential. Removing the bone mineral appears to be a 
crucial factor. This process exposes 8MPs or other GDFs 
in the graft material that stimulate the formation of new 
bone by osleoinduclion. 1 * Human clinical sludies have 
shown DFDBA grafts result in 2.5 mm to 3 mm of bone 
fill (Figures 17 through 20j;° 

Debftfiag DFDSA Effecitamss 
Although human histological evidence indicates that 
DFDBA can promote the formation of new attachment 
apparatus on root surfaces,* some researchers and clini- 
cians have recently begun to question lis usefulness. 




Figure 8, Occlusal view of ibe final imptariteupporfecl restoration 
36 monlhs postoperatively. 



Figure 9. Case 3. llluslratian demonstrate* the anatomy gnd incision 
Jmes necessary to harvest bone from *be iliac crest 



Figure 10. Once particulate cancellous bone has been harvested from 
the mac cresf, U h prepared for placemen* in ihe maxillary sinu$. 
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Figure U. Maxillary sinus olter completion of bone fill with 
particular cancellous graft. 




Figure 12. Cortico-canceHous veneer grafts or© utiliied Jo increase 
the width of the moxfHar/ aheofcr ridge. 




Figure 13. Eight-month poslojreratfve panoramic radiograph of 
connective tissue healing. 



Rose 



Conffary to studies that have found good regenerative 
results with DFDBA * ,iM5 other studies show less predict- 
able and even disappointing results with Ihis material 
One likely explanation ss that DFDBA materia] may vary 
from graft to graft. Commercial bone banks do not ver- 
ify fhe specific amount of BMPs or any level of inductive 
capacity in any graft material they sell. Therefore, graft 
quality is not standardized. This was demonstrated m one 
recent study by Schwartz et al r w who obtained DFDBA 
from six bone bonks and from different lots at some of 
ihe same banks. They evaluated the ability of the mote* 
fio! to induce bone formalion fn an in vivo model wiih 
49 mice over a 2-month period. These investigators found 
that the different DFDBA preparations voried significantly 
in their particle size end induciive properties [although 
porticle size did not appeor ta hove any bearing on 
inductive capacity in their study). In addition, fhe batches 
voried considerably in their abilities to promote bone 
and cartilage formation. This nobble inconsistency was 
even evident among two DFDBA botches from the some 
bonk — one showed -some osteoinductive activity, and 
the other showed none whatsoever These findings are 
supported by other studies, 33,7 ' 

Delaying the procurement of bone from a donor, 
Improper storage conditions, or olher processing factors 
may ploy a significant role in the bioactivjty of the final 
DFD8A preparation that is forwarded la (he clinician's 
office. The significant effects of these factors were demon- 
strated in siudies that compared laboratory and commer- 
cially prepared extracts. Age, gender, and medical 
status of deceased donors moy also affect osteogenic 
activity in the grafts iaken from them. Some authors sug- 
gest that more predictable results might be achieved with 
DFDBA grafis if bone banks standardized graft material 
by instituting strict slandords on the sources and lime 
frames associated with procuring grafts and by devel- 
oping a way lo quickly lest ihe inductive capacity of 
any graft materials they supply. Siudies have deter- 
mined thot ihe minimum effective amount of BMP -neces- 
sary to affect bane growth is approximately 2 pg/40 mg 
weigh! of explont; ihe optimum amount is approximately 
10pg/40 mg/ 5 

Another issue concerns the fate of DFDBA material 
placed in periodontal defect ovef time. Some studies 
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Figure 16. Postoperative radiograph 6 years following 
placement of rfus implant supported maxillary and 
mandibular fixed ru&toration. 




Figure \7. Case 4. Alveolar ridge immediately after 
extraction of natural teeth. Note the la<k of foetal hone. 



indicate lhat residual DPDBA particles remain in the site 
for longer than a year and ad as bone jr-iorrix.^* II is 
unclear bow ihese leftover particles might affect the regen- 
erative response. Becker et al noted thai retained dead 
bone chips appeared to delay normal bone formation 
in sockets and fo weaken host bone. 1 * In a histological 
analysis, however, Reynolds and Bowers found thai 
grafted defects harboring residual DfDBA policies had 
significantly more now attachment formation than sites with- 
out residual particles and (hot the regenerated lissues in 
both cases had similar characteristics." 

Allaplasls, or bonis substitutes, have also been devel- 
oped for ridge augmentation (Figures 21 through 24), 
These materials include biocompatible porous and non- 
porous hydroxyapotite, bioactive glass, beta tricoldum 
phosphafe, and HTR pofymeL 2 * Clinically, alloplasts act 
as biological fillers and have been shown to improve 



probing depth and clinical attachment. They do not revas- 
cularize by microanastomosis, but rather by capillary 
sprouts thot invade Jhe implant from the host bed during 
resorption of the old matrix. Alloplasts heol by osteo* 
conduction, and some are quite resistant to resorption. 0 
Histologically, however, connective tissue tends to 
encapsulate bone substitutes, and they induce minuscule 
bone fill and little, if any, periodontal regeneration/^ 0 
Currently, ihese may be useful as allograft extenders, 

Sdhr Tt&siis ftecftitstruciion 
To achieve optimal aesthetic results in restoring perio- 
dontal defects, the clinician must attend fo the soft tissues 
os well as bone. This is particularly important when 
implants are placed. Soft iissue reconstruction requires 
the clinician to accurately delineate the specific defect 
and to recognize the quantity and quality criteria neces- 
sary to restore the Wssoe analomy Surgical procedures 
that can be used to restore soft tissues include various 



730 Vol. J3, No, 9 



Figure 18. Palatal view exhibits placement of freeze-dried 
decalcified bone in Ibe bone deformities. 




Figure 20. Eight-month postoperative result demonstrates 
bone regeneration. Note enhanced thickness of ridge. 

flap designs, onlay grafts , subepithelial connective grafts, 
ond tissue expansion. These treatments are olso used to 
augment the interproximal papillae ond to cover recon- 
structed hard tissues with primary tension-free closure 
during healing. In implant cases, they can establish the 
foundation necessary to enhance implant position, size, 
angulation, and emergence profile. 

Restorative procedures (eg, provisional restorations 
and appropriate abutments] and orthodontic procedures 
can also be useful in establishing soft tissue aesthetics. 
Orthodontics con help b prevent a ridge deformity after 
a hopeless tooth is extracted. For instance, Saloma ef al 
reported ihe use of forced eruption, a nonsurgical 
approach, for regenerating hard and soft tissues around 
a hopeless tooth. * Periodontal orthodontics are used to 
increase the vertical osseous dimension and to preserve 
the papifta; restorative orthodontics optimizes the implant 
site by manipulating supragingival restorative space. 



Figure 19* Placemen* of e-PTF£ membrane over the 
allograft to protect site and promote Hie heating process. 




Figure 21. Case 5. Clinical view of small p^stextracfion 
alveolar ridge defect. 

Growth arid IMfh^tH^tlon Fecf&rs 
Perhaps ihe rnosl promising research currently underway 
involves the use of inductive proteins, known colleclivefy 
as polypeptide GDFs. These molecules are key regula- 
tors of cellular wound repair for neorly oil tissues, includ- 
ing the periodontium.^ When a wound occurs, several 
growth factors are released from w'rihin and around the 
wound site. They work together to regulate eel) activity 
and to repair and regenerate the various types of tissue. 
How well these GDFs are expressed during the progres- 
sion of periodontal disease and associated bane and 
soft tissue injuries is not known, but ihis may profoundly 
influence the repair or regenerative process. Therefore, 
the goal of administering GDFs to treat chronic peri- 
odontitis would be to enhance a normal wound healing 
process thai may otherwise be insufficient to completely 
regenerate ihe entire periodontal attachment apparaius.^ 
This is ihe subject of current experimental research, and 
human trials have [ust begun. 
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During she post decode, several growth factors have 
been identified and characterized. Growth and differ- 
entiation factors currently believed to contribute to perio- 
dontal regeneration include pbteleklerived growth factor 
(PDGFj, transforming growth factor-beta (TGF-p|, Insulin- 
like growth factor (IGF), fibroblast growth fador |FGF), 
and BMFV" These periodontal growth factors have some 
common features, including that they bind to specific 
receptors on the target cell surface, they primarily act 
locally, and they stimulate a variety of cell activities. °* 

One important characteristic researchers have iden- 
tified is that growth factors are cell specific.™ In oiher 
words, particular growth factors work only to stimulate 
specific cell types. Cfearly, a combination of GDFs, 
including those that stimulate wound closure and the 
formation of hard and soft tissues, is necessary. 

Considered one of the principal wound healing hor- 
mones, PDGF has been the most studied growth factor. 
Platelebderived growth factor is a potent mitogen and 
chemokxtic factor lor cells of mesenchymal origin, which 
include PDL cells and osteoblasts. There may be several 
cellular sources {eg, piatelets, activated macrophages, 
bone matrix} of PDGF at a wound site, and PDGF has 
been shown to stimulate the proliferation of osteoblasts 
and periodontal ligament cells that have both fibroblastic 
and osteoblastic characteristics. When applied to root sur- 
faces of teeth with surgically created defects in six dogs, 
PDGF enhanced fibroblast proliferation in the early heal- 
ing stages. 34 

Thus far, the result have been promising in animal 
studies and some preliminary human studies involving 
the use of GDFs. Most of the studies hove examined the 
effect of PDGF, eimer alone or combined with other 
growth factors, to promote periodontal repair. In the 
recently (epott^d first human trial, 38 patients with 
moderate-to-severe periodontitis were treated with either 
a) 150 jug/ml each of PDGF-BB and JGF-1 in a methyl- 
cellulose vehicle, b) vehicle alone, or c| surgery alone. 
Those treated with the PDGF/ IGF combination experh 
enced a 43% bone fill, while the control groups had an 
overage 1 8,5% fill/* Several previous animal studies on 
PDGF/1GF combinations have also sfiown encourag- 
ing results In the promotion of new bone, cemenium, and 
periodontal ligament. 37 Some have demonstrated that 




Figure 22. Two titanium tenting screws are utilized to 
assist tn space maintenance. 




Figure 23, A bloactive glass alfoplast is used to con- 
junction with on e-PTFE membrane to augment the 
alveolar ridge, 



this combination of growth factors also enhances bone 
growth around implants placed into' fresh extraction 
sockets/™ The mechanism by which this growth factor 
combination improves periodontal regeneration musl still 
be proven m vivo, as do precise amounts of the com- 
bination ho\ would be optimally useful. 

iateni TGF-p is primarily stored in bone matrix, and 
while the mechanism that activates it is unclear, same 
speculate thai a low pH during osteoclastic bone 
resorption may be responsible. 3 ' 1 Almost every ceil type 
can be stimulated by at least one of the five iypes of gene- 
encoded TGF-p molecules, which is a weak mitogen 
for osteoblasts. Also inducing chemotaxis and stimulating 
collagen type-1 synmesis, TGF-p has-been shown to have 
a positive preferential mitogenic effect on PDl cells over 
gingival fibroblasts. It also inhibits reepitheliahzarion. 
Recent in vitro studies suggest that the combination of 
TGF-p and PDGF may selectively stimulate PDl cells more 
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Figure 24, Af 9 months postsurcjery, the alveolar ridge 
is reexamined Note the improved bone volume. 
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Figure 25. Illustration depicts the biological processes 
at the cellular and tissue levels during bone formation. 
During the process of remodeling, osteoblasts {OB} and 
osteoclasts engage in a dynamic interaction. 

than gingival fibroblasts, thus enhancing periodontal 
regeneration^- 40 Further in vivo studies are necessary to 
confirm this. 

There are two types of IGfs, which function simi- 
larly but are independently regulated. They are produced 
primarily by the liver and circulate in the vascular sys- 
tem. Insulin-like growlh factoH appears to Simulate bone 
formation by increasing, cellular proliferation and bone 
mairix production (Figure 25). As meniioned, however, 
in vivo animal studies and the recent clinical trial have 
shown that it appears to work better in combination with 
PDGF than on its own. The IGR lias also been shown 
to stimulate miiogenic acfivity and chemotaxis in PDL cells, 

Fibroblast growth factors are mitogenic and chemo- 
tactic for fibroblasts, chondrocytes, osteoblasts, and 
endothelial cells. These are stored in bone matrix as well. 
Although FGF increases the number of osteoblasts capa- 
ble of regenerating bone, it decreases the amount of 



matrix each celS produces. The net eFfect, however, 
appears to be enhanced bone formation. The FGFs are 
unique in that they ore potent angiogenic factors, stim- 
ulating the formation of blood vessels that are critical to 
wound healing and granulaiion tissue formation. Again, 
additional in vivo studies are necessary to determine a 
Jrealment benefit. 

Bone morphogenic proteins are unique in that they 
have osteoinduclive properties. The 8MPs, which are a 
member of the transforming growth factor [TGFf gene 
superfamriy, are believed to play a significant role in 
recruiting osteoprogenitor cells to sites of bone formation.^ 
They are able to stimulate the differentiation and prolif- 
eration of mesenchymal stem cells into chondroprogeni- 
tor and osteoprogenilor cells. Various in vivo studies in 
animals hove demonslrated that 8MPs induce signifi- 
cantly more cementum, periodontal ligament, and bone 
regeneration in surgically created defects than do 
untreated controls. 

The use of osteogenin, one of several different forms 
of BMP, has shown promise in studies with dental 
implants. In association wim a bone-driven matrix, 
osteogenin rapidly initiates bone formation/ 2 Investigators 
found that combining osteogenin w?fh DFD8A signifi- 
cantly enhanced regeneration of a new. attachment appa- 
ratus (1-92 mm) compared wilh DFDBA alone (131 mm] 
when submerged, although the improvement was not 
statistically significant in a nonsubmerged environment, 15 
Wang et al found similar results noting thai BMPs induced 
earlier bone apposition around implants. 36 By acceler- 
ating osseointegration, BMPs might allow earlier load- 
ing of Implants with permanent restorations. 

The future clinical application of growth factors in regen- 
eration therapy is promising. Indeed, some researchers 
have noted that ihey may eventually replace autogenous 
or allogenic grafts for promoting osleoinduction in defect 
sites."*-" First, however, researchers will need to deter 
mine the ideal combination of factors for regeneration, 
the best delivery system, and optimum doses. \\ is also 
important to nofe that growth factors may need to be 
delivered in a precise sequence during healing to afford 
any regeneration benefit, 
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To submit your CE Exercise answer, pfease use the answer sheet found within the CE Editorial Section of flfe/s issue and complete as follows: 
1) Identify the article; 2} Macs an K in Hie appropriate box for each question of each exercise; 3) Clip answer sheet from the page and mail 
it to the CE Department at Montage Media Corporation, tor further instructions, please refer to the CE Editorial Section. 
The 10 multipie-chotce questions for this Continuing Education (CE} exercise are based on the article "Bone grafts and growth and differen- 
tiation factors for regenerative therapy. A review" by twk E Rose, DOS, MD, and Edwin Rosenberg, DMD, BDS, HdipDent This article is on 
Pages 725-734. 

fowling Objectives; 

This article provides an overview of current modalities for restoring fast bone and soft Sissue during the treatment of periodontal disease. 
Upon reading this article and complying this exercise, ihe reader should: 

* Understand the role of growth and differentiation factors in the success of tissue regeneration, 

• Be aware of the various types of bone and bone substitutes available as graft materials. 



'** < Autogenous f rafrs; 

a. Provide superior retention of ceil viability. 

b. Conrain live osteoblasts and osieoprogeniior stem cells, 

c. Are harvested from one part oF the patient's body for 
transplantation to cnolher, 

d. All of the above. 

2. PdypeplMe grov^li c nd &ew\opm&& factors: 

a. Should not be applied exogenously to periodontal 
defects. 

b. Attract preosteoblasts to treaiment sites and decelerate 
their proliferation. 

a Are natural proteins in the body that regulate wound 

and tissue regeneration, 
d. Stimulate angiogenesis by deflecting preosteoblasts 

during the treatment of periodontal defects. 

3. The az&mmm amount hon& morphs^genlc pfwteifc 
mgmi^i,l to er^nce tons growth h app?T*<imM^/; 

a. ) pg/ 40 mg weight of explant, 

b. 2 /jg/40 mg weight of explant. 

c. 1 0 fjg/40 mg weight of explant. 

d. 20 pg/40 mg weight of explant. 

4 Allografts <srg lypfcrfly free&Mbfofl esnd travel to 
pasveti* dis66dft'trosti?ni5»Cin. Frozen 'Mot czmcAws, 
bene raid marrow, Freest-dried bam, and d$wzmm\- 
kadi freeze-drieil aEbgrafife can h& dh&in«d fnam 
amraM^d tissu* banks. 

a. Both statements ore true. 

b. Both statements are false. 

c. The first statement to true, the second statement is false. 

d. The first statement is false, the second statement is true. 

5. Which gr cwiii vnd d&fw*$crJwri factors have fcswn 
kfenrfed as poterrttaf ticftfribufors for gMffodkmital 

a. Insulin-like growth factor. 

b. Plalebkferlved and fibroblast growth factors, 

a Transforming growth factor-beta and bone morpho- 

genefic proteins, 
d. All of the above. 



6, AW o.f fe foiiowfog Qre true EXC&Fft 

a, Insulin-like growth factor-] may stimulate mitogenic 
activity, in periodontal ligament cells. 

b. Insulirrlike growth factor-1 better stimulates bone 
formation alone than in combination with .PDGF. 

a Insulin-like growlh faclors are produced primarily by 
the liver and circulate in the vascular system. 

d. Fibroblast growth factors are mitogenic and chemotoctic 
for fibroblasts, chondrocytes, osteoblasts, and endo- 
thelial cells. 

7. What h isbs average bme fill required during the m& 
m axit&g&nQos hhm grafts for tr*Mtifit*Hii of m^my 
mta»s*£ous defect 

o. 1 .5 mm. 

b. 2.5 mm. 

c. 3.5 mm. 

d. 4.5 mm. 

3, Whfcfa basting pracsss ha* h®m t&so<\<xte4 with As 

a. Osteainducfion. 

b. Osfeoconduciion. 

c. Both a and b« 

d. Neither a nor b. 

Which fefe m&y nsetotfvsly isffcieht* ?b& beopc-s^tv 

or the DFDSA prep<mr>&ott? 

o. Various processing faclors. 

b, Improper storage, conditions. 

a Delaying ihe procurement of bone from a donor. 

d. All of the above. 

10- Since ptisrfefor growth factors work ^ffiy to stttmdaie 
*pKific ?dl o c*anfcinofet df GDB Shot ssimubfe- 
woimd cksttns and formatktti of terd end jhs§ 

a. True. 

b. False, 
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